IMPORTANCE Associations between late-life participation in intellectual activities and decreased odds of developing dementia have been reported. However, reverse causality and confounding effects due to other health behaviors or problems have not been adequately addressed.
D ementia is a major public health concern worldwide. 1 Finding ways to delay or prevent the clinical onset of dementia is now a key priority, as disease-modifying treatment is lacking and populations are rapidly aging.
2-4 Increasing evidence suggests that active participation in intellectual activities such as reading books and playing games can help reduce the risk of dementia among older adults, 5-13 possibly through improving cognitive reserve and strengthening resilience against stress. [14] [15] [16] [17] However, several questions remain unanswered. First, people with a high level of intellectual activities are often more health conscious and live a healthier life such as exercising regularly, eating a balanced diet, and refraining from smoking. 18, 19 Whether participation in intellectual activity can prevent dementia independent of these healthy lifestyle practices, which themselves have already been shown to be useful in lowering the risk of dementia, has yet to be determined. Second, intellectual leisure activities often encompass a mixture of cognitive, social, and recreational components. 20 With a lack of standardized classification of intellectual activities and failure to adjust for other aspects of leisure activities, it remains uncertain whether it is the cognitive training, social engagement, or positive experience of intellectual activities that contributes most to better cognitive health. 8, 9, 11, 21 Third, although previous longitudinal studies of intellectual activities and incidence of dementia excluded participants with dementia at baseline, individuals in the preclinical stage of dementia might have already experienced difficulty in performing more complicated hobbies and engaging in intellectual interests. Such reverse causation might introduce bias in the observed association. 22 A longer interval between assessment of activities and diagnosis of dementia might allow us to be more confident about the temporality of the association. 14 In this study, we followed the cognitive status of a large well-characterized cohort of community-living older adults in Hong Kong who were free of dementia at baseline. The objective was to examine whether late-life participation in intellectual activities was associated with a lower risk of dementia years later, independent of other lifestyle and health-related factors. The findings might support and extend the previous literature suggesting that active participation in intellectual activities is important for reducing the risk of dementia.
Methods

Study Design, Setting, and Participants
This was a longitudinal observational study based on all individuals presenting to the Elderly Health Centres (EHCs) of the Department of Health of the Government of Hong Kong from January 1 to June 30, 2005 (N = 18 298). The EHCs provide regular primary health care assessments and cognitive screening for local residents aged 65 years or older. Inclusion criteria for this study were age 65 years or older, Chinese ethnicity, and living in the community. Exclusion criteria were nonChinese ethnicity; living in care homes; having history of stroke, Parkinson disease, or clinical dementia; scoring below the education-specific cutoff on the Cantonese version of the Mini-Mental State Examination (C-MMSE) at baseline (≤18 for individuals without education; ≤20 for those with 1-2 years of education; and ≤22 for those with >2 years of education) 23 ; or not providing a description of their leisure activity pattern. In this study, participants were followed up for 6 years to the outcome of incident dementia. To minimize loss to followup, those who missed follow-up assessments after 2008 were traced and interviewed by geriatric psychiatrists (A.T.C. Lee and W.C.C.) either at the EHCs, at their homes, or by telephone between October 25, 2011, and December 31, 2012. Written informed consent was obtained from the participants, or from their relatives if they were mentally incapable to give consent, before the follow-up assessment was conducted. This study was approved by both the Department of Health of the Government of Hong Kong and the Joint Clinical Research Ethics Committee of the Chinese University of Hong Kong and the New Territories East Cluster of the Hospital Authority.
Evaluation of Intellectual and Other Types of Leisure Activities
During health assessments at baseline and follow-up interviews, nurses used a questionnaire to ascertain the frequency and type of leisure activities that the participants practiced in the prior month. Using a leisure activity classification system already validated for Hong Kong Chinese older people, the activities were classified as intellectual (reading books, newspapers, or magazines; playing board games, Mahjong, or card games; and betting on horse racing), social (joining a social center, participating in voluntary work, meeting relatives or friends, and attending religious activities), and other recreational (watching television, listening to radio, shopping, and going to a teahouse). 24 
Assessment of Other Variables
Participants' demographics (age, sex, and educational level), physical and psychiatric comorbidities (hypertension, diabetes, hypercholesterolemia, obesity, heart diseases, stroke, Parkinson disease, depression, visual and hearing impairments, and poor mobility), and lifestyle (regular physical exercise, current smoking, and adequate daily consumption of fruits and vegetables) were examined during the health assessment. All diseases were verified and classified by primary care physicians at the EHCs in accordance with the International Statistical Classification of Diseases and Related Health Problems,
Key Points
Question Does participation in intellectual activity reduce the risk of dementia in older adults, independent of other healthy lifestyle practices such as regular physical exercise, adequate fruit and vegetable intake, and not smoking?
Findings In this population-based study, 15 582 community-living Chinese individuals age 65 years or older who were free of dementia were followed up for a median period of 5 years. Daily participation in intellectual activities was associated with a significantly lower risk of dementia several years later independent of other health behaviors, physical health limitations, and sociodemographic factors.
Meaning Active participation in intellectual activities, even in late life, might help prevent dementia in older adults.
Tenth Revision. Obesity was defined as body mass index equal to or greater than 25 (calculated as weight in kilograms divided by height in meters squared), in accordance with the local references. 25 Visual impairment was defined as visual acuity of 20/100 or less in both eyes despite best correction. Hearing impairment was defined as 1-and 2-kHz loss of more than 40 decibels in the better ear during audiometric testing (Audioscope, Welch Allyn). Poor mobility was defined as needing an aid to walk or being chairbound. Regular physical exercise, adequate daily consumption of fruits and vegetables, and current smoking were defined as previously reported.
26,27
Identification of Dementia Cases 
Sample Size Estimation
Sample size estimation was performed using the Power and Precision software, version 3.0 (Biostat). Sample size was calculated based on estimates of incidence rate of dementia (6% in 6 years) and odds ratios (ORs) for major protective and risk factors (0.75 for intellectual activities) from our previous studies. 26, 27 With α set at 0.05, a baseline sample of 10 000 participants would yield at least 80% power for detection of dementia at follow-up.
Statistical Analysis
Statistical analysis was performed from January 1, 2015, to December 31, 2016, using IBM SPSS Statistics, version 22.0 (IBM Corp). The number of participants with follow-up during the 6-year study period was expressed as person-years, which was calculated by summing each participant's contribution of followup time (ie, from baseline to the year of assessment when the participant was found to have dementia, or to the year of the last assessment if the participant remained free of dementia). Comparison of participation in intellectual activity and other variables at baseline between participants with and without incident dementia was analyzed by the Mann-Whitney test for continuous variables or the χ 2 test for categorical variables. The level of statistical significance was set at P < .05 (2-tailed).
To ascertain whether incident dementia was associated with a lower level of intellectual activities at baseline rather than a longitudinal decrease in practice, participants who remained free of dementia by year 3 but developed dementia at years 4 to 6 were selected, and the proportion of those not having activity participation at baseline was compared with that at year 3 using the McNemar test. To investigate if maintaining participation in intellectual activity in late life was associated with lower incidence of dementia, participants with participation in intellectual activity at baseline were selected, and the proportion of those who had continuous participation 3 years after baseline was compared between those with and without incident dementia at years 4 to 6. To test if baseline participation in intellectual activities was associated with lower risk of dementia years later, participants who were assessed to be free of dementia at year 3 were selected, and the proportion of participants participating in regular activities was compared between those with and without incident dementia at years 4 to 6.
Multivariable logistic regression analysis was performed on the same subgroup to test if participation in intellectual activity at baseline was associated with lower incidence of dementia, after adjusting for age, sex, educational level, cardiovascular risk factors, visual and hearing impairments, poor mobility, depression, smoking, adequate fruit and vegetable intake, regular physical exercise, and other types of leisure activities. The ORs were computed to yield point estimates with 95% CIs.
Results
Incidence of Dementia
A total of 15 582 older adults (85.2%) were included in this study (eFigure 1 in the Supplement). They had a median follow-up period of 5.0 years (interquartile range, 3.0-6.0 years), contributing to a response rate of 82.2%, or 68 919 person-years of follow-up over the 6-year study period (eFigures 2 and 3 in the Supplement). A total of 1349 participants (8.7%) developed incident dementia during the study period. As summarized in Table 1 , those who developed incident dementia were older than those who remained free of dementia and were predominantly female, with lower educational attainment and a higher prevalence of physical and psychiatric comorbidities such as hypertension, diabetes, heart diseases, visual and hearing impairments, poor mobility, and depression. They also had lower adherence to healthy lifestyle practices, with less participation in physical exercise and lower intake of fruits and vegetables, than those who remained free of dementia. There was no significant difference in the prevalence of smoking between those with and without incident dementia.
Participation in Intellectual Activity at Baseline in Cognitively Stable Participants and Those With Incident Dementia
At baseline, almost all participants (n = 15 574) reported engaging in some kind of leisure activities every day. However, there was a difference in the number and type of activities in which they participated between those with and without incident dementia. Those who remained free of dementia engaged in more varieties of leisure activities at baseline (3 vs 2 activities; P < .001), with a larger proportion performing intellectual activities than those who developed dementia (9521 Table 1 ). The proportion of participants engaging in social or other recreational activities was not significantly different between the 2 groups. Older age, female sex, and lower educational level were associated with fewer types of activities at baseline compared with the counterparts (2 vs 3 activities).
Longitudinal Changes of Intellectual Activity Participation Before Dementia Onset
Among those who developed incident dementia at years 4-6, there was no change in the frequency of leisure activity participation from baseline to year 3, with almost all individuals still reporting engaging in leisure activity daily over the years. There was also no increase in disengagement of intellectual activities over time prior to the clinical onset of dementia ( Table 2) .
Maintenance of Participation in Intellectual Activity and Incidence of Dementia
The proportion of participants who continued participating in daily intellectual activities 3 years after baseline was larger in those who remained free of dementia than in those who developed dementia at years 4 to 6. No associations were found between maintenance of social or other recreational activities and lower incidence of dementia (Table 3) .
Participation in Intellectual Activity at Baseline and Future Risk of Dementia
Given the possible bidirectional association between participation in activity and dementia, the association between intellectual activities and risk of incident dementia was reexamined by excluding participants who developed dementia within 3 years after baseline (n = 588) and those who could not be confirmed to be still free of dementia by year 3 owing to missing follow-up (n = 3483). Consistent with the above findings, those who remained free of dementia performed more types of activities at baseline than those who developed dementia (3 vs 2 activities; P < .001). Also, the proportion of participants with daily participation in intellectual but not recreational or social activities at baseline was significantly larger in the cognitively stable group ( Table 4) . The estimated OR for incident dementia was significantly lower in those participating in intellectual activities daily (0.71; 95% CI, 0.60-0.84; P < .001), even after controlling for demographics, physical and psychiatric comorbidities, lifestyle factors, and other types of leisure activities ( Table 5) . Neither recreational nor social activities were associated with a lower OR for incident dementia. The OR for physical exercise was 0.79 (95% CI, 0.68-0.92; P = .003).
Engaging in more types of activities was associated with a lower OR for incident dementia (95% CI, 0.86; 0.77-0.96; P = .01) after adjustment for the same demographics, health problems, and lifestyle factors. It remained significant after additional adjustment for social activities (0.78; 95% CI, 0.67-0.91; P = .001) or recreational activities (0.83; 95% CI, 0.73-0.93; P = .002) but not intellectual activities (1.03; 95% CI, 0.86-1.22; P = .78).
Discussion
By observing the cognitive status of a large cohort of older adults who were free of dementia, we found that late-life participation in intellectual activities was associated with lower risk of incident dementia several years later. This association was not fully explained by other health lifestyle practices (regular physical exercise, adequate fruit and vegetable intake, and not smoking) nor by a wide range of physical health problems and limitations (cardiovascular risk factors, depression, sensory impairments, and poor mobility). The association also did not appear to be explained by reverse causality (participants with preclinical dementia disengaging from intellectual activities). These findings suggest that active participation in intellectual activities can reduce the risk of, or delay the onset of, dementia.
Comparison With Previous Studies
The present findings are consistent with the past epidemiologic observation that participation in intellectual activities, even in late life, is associated with better cognitive functioning in older adults. 30 However, to our knowledge, previous studies did not adequately examine other health behaviors and impairments, both of which are potential confounding factors in the observed association. Nor did they address the possibility of bidirectionality between participation in intellectual activity and preclinical dementia. Based on the past findings, it was therefore uncertain whether participation in intellectual activity could independently reduce the risk of dementia. The present study is better controlled than previous studies, with consideration of these important confounders and limitations in the study design and analysis. Our findings highlight the importance of active participation in intellectual activities in dementia prevention and, from the public health perspective, the need to promote inclusion of these activities into the multidomain lifestyle intervention for better brain health in older populations.
In this study, we found that not all types of leisure activities were associated with decreased risk of dementia. In particular, we did not identify an association between social or recreational activities and lower risk of dementia. It may be that, given the very high level of participation in recreational and social activities in our cohort, a ceiling effect might mask any association with risk of dementia. However, as these activities are in general more passive and less cognitively demanding than intellectual activities, we speculate that recreational and social activities might not be as effective as intellectual activities in preventing dementia.
Although participants who remained free of dementia performed more varieties of leisure activities at baseline, the association with lower risk of dementia was no longer significant after adjusting for intellectual activities. This finding suggests that choosing the right kind of activity appears to be more important than engaging in various nonintellectual leisure activities in preventing dementia.
We had previously reported that older adults who engage in regular physical activities, in particular aerobic and mind-body exercises, are at a lower risk of developing dementia. 26 Not only is this association replicated in the present study, but we find that it remains robust after controlling for intellectual activities. Although this study did not investigate possible causal mechanisms for the association of intellectual and physical activities with cognitive function, we speculate that being mentally and physically active may slow onset of clinical dementia by improving cognitive reserve. According to cognitive reserve theory, people with a higher level of cognitive reserve have larger brain anatomical substrate and greater dynamic neural network compensation in the face of neuropathologic characteristics, thus being more able to withstand brain insults before cognitive or functional impairment becomes clinically evident. 31 ,32 A recent study by Suo et al 33 shows that cognitive training is associated with enhanced functional connectivity between the hippocampus and superior frontal cortex, whereas physical training is associated with positive structural plasticity, such as increased cortical thickness of the posterior cingulate and reversed progression of white matter hyperintensities. These data, which suggest that physical and cognitive training improve cognition possibly through different neuromodulatory mechanisms, are in line with our findings that intellectual and physical activities modulate the risk of dementia independent of each other.
Strengths and Limitations
Regarding the strengths of this study, we followed a large territory-wide community cohort for a long time. The attrition rate was low, with most participants having a recent cognitive examination by physicians. Also, we quantified in sufficient detail a wide range of physical health problems and limitations; various health behaviors including physical exercise, diet, and smoking; and different types of leisure activities practiced at baseline and at follow-up.
Given the nature of our study design, however, care needs to be taken when making an inference about a causal association between participation in intellectual activity and prevention of dementia. The possibility of reverse causation, although minimized in this study, could not be completely excluded because the baseline cognitive capacity and the duration and intensity of participation in intellectual activity prior to this study were unknown. Although the observed association remained significant after excluding participants who developed dementia shortly after baseline, and we did not find disengagement of activities prior to onset of dementia among those who subsequently developed dementia, the potential confounding problem of people engaging in fewer activities owing to some cognitive dysfunction even though they were screened negative might still be present. Another limitation is that, for participants who did not complete the study who were previously free of dementia but were found on tracing to have dementia, we could not be completely certain when their clinical manifestation of dementia was; therefore, we defined the study outcome as incident dementia in 6 years and used a more conservative analytic model in this study. Objective measurements of leisure activities, genotyping, and neuroimaging were also not feasible in this study setting. Moreover, direct application of our findings to older populations of other ethnicities, with more comorbidities, and from later generations requires caution, as our participants were ethnic Chinese, relatively healthy and active, and had a lower educational level.
Conclusions
This study provides evidence that late-life participation in intellectual activities is independently associated with a lower risk of dementia in older adults. Given the growing older population worldwide, promoting regular engagement in intellectual activities might help delay or prevent dementia.
